FeTiO 3 with band gap of 2.85 eV was added into TiO 2 powder to improve the visible light responsivity of TiO 2 in this study. The compositions and photocatalytic activity of plasma sprayed TiO 2 , TiO 2 -30%FeTiO 3 , TiO 2 -50%FeTiO 3 and FeTiO 3 coatings were investigated. The influence of FeTiO 3 compound on the charge carrier separation and recombination in the TiO 2 -FeTiO 3 coating was discussed. The FeTiO 3 coating plasma sprayed under the arc current of 400 A consisted of rutile TiO 2 , FeTiO 3 , Fe 2 TiO 5 , and thermally metastable Fe 2 Ti 3 O 9 and γ-Fe 2 O 3 . TiO 2 -30%FeTiO 3 coating sprayed under the arc current of 400 A, which contained anatase TiO 2 , rutile TiO 2 and FeTiO 3 , had good photocatalytic activity. The relative deposition rate of TiO 2 -30%FeTiO 3 powder under the arc current of 400 A was approximate to 4 μm/pass. For the low band gap of pure FeTiO 3 compound, the existence of FeTiO 3 could improve the photocatalytic activity of anatase TiO 2 when FeTiO 3 contacts coherently with it, which was explained using a proposed two-steps electron transfer model.
Introduction
To solve the environmental problems related to the hazardous wastes, contaminated groundwater and toxic air contaminants, extensive research is underway to develop commercial photocatalysts, which include TiO 2 , CdS, SnO 2 , WO 3 , SiO 2 , ZrO 2 , ZnO, Nb 2 O 5 , Fe 2 O 3 , SrTiO 3 etc [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Among all the oxide semiconductors that have been reported, titanium dioxide is an excellent photocatalyst due to its optical and electronic properties, chemical stability, non-toxicity and low cost [12] [13] [14] [15] [16] [17] .
However, it has been also realized that the band gap of anatase TiO 2 (about 3.2 eV) means that the electron can only be excited from the valence to the conduction band by the high power light irradiation with a wavelength less than 387 nm. This limits the application of sunlight as an energy source for the photocatalysis.
Recently, visible light responsive photocatalysts are studied intensively. For example, Anpo have synthesized iron-ion-doped anatase TiO 2 by the hydrothermal method from Titanium (IV) 
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TiO 2 -50%FeTiO 3 powder. The substrate was stainless steel (JIS SUS304), which was washed by acetone and sandblasted before thermal spray. The dimensions of the substrate were 50 60 3 mm.
Plasma spraying equipment
The thermal spraying equipment was a plasma spraying system (Plasmadyne-Mach1, Miller Thermal, USA). Argon was applied as primary gas, and helium was applied as secondary gas. The powder was fed from the inner hole of the anode. The thermal spraying parameters are given in Table 1 .
Characterization of powders and sprayed coatings
Electron probe surface roughness analyzer (ERA-8800FE, Elionix Co. Ltd., Japan) and energy dispersive analysis of x-ray (EDAX) were used to examine the structure characteristics of the feedstock powders and the sprayed coatings. The phase composition of the feedstock powders and the sprayed coatings was investigated by x-ray diffraction using Cu-K radiation ( =1.5406 Å) and graphite crystal monochromator (M03XHF, MAC Science Co. Ltd.).
In this experiment, the photocatalytic activity of the sprayed coatings was evaluated through the photo decomposition of acetaldehyde. The ultraviolet light (peak wavelength was 352 nm) intensity on the sample surface was set in 1.0 mW/cm 2 . In the experimental procedure, the concentration (ppm) of the foul gas with time (s) was measured with a Kitakawa type gas detector at a certain time interval. Argon gas pressure (MPa) /flow (slpm) 0.42/58
Helium gas pressure (MPa) /flow (slpm) 0.21/9
Arc current (A) 400, 600, 800
Spraying distance (mm) 70
Table1 Plasma spraying parameters. 
Compositions of FeTiO 3 and TiO 2 -FeTiO 3 coatings
The x-ray diffraction pattern of plasma sprayed FeTiO 3 coating under the arc current of 400 A is illustrated in Fig.6(a) . The -Fe 2 O 3 are thermally metastable products which are normally difficult or impossible to be produced by conventional thermal equilibrium processes. These metastable phases were also observed in plasma sprayed FeTiO 3 coatings. Thus it can also be inferred that plasma spraying technique is a method to form metastable substance.
The TiO 2 -30%FeTiO 3 coating sprayed under the arc current of 400 A consisted of anatase TiO 2 , rutile TiO 2 and FeTiO 3 as illustrated in Fig. 6(b) . As illustrated in Fig. 6(c) , with the increase of the weight content of FeTiO 3 from 30% to 50% in the TiO 2 -FeTiO 3 feedstock powder, Fe 2 Ti 3 O 9 and Fe 2 TiO 5 phases appeared under the low arc current of 400 A for the large content of FeTiO 3 in the powder. . As for the sprayed TiO 2 -50%FeTiO 3 coatings, the ��� � ���� anatase content of TiO 2 was very low and the content of Fe 2 TiO 5 was very high for the more addition of FeTiO 3 . This resulted in the low photocatalytic activity of the TiO 2 -50%FeTiO 3 coatings comparing to that of the sprayed TiO 2 -30%FeTiO 3 coating
Photocatalytic activity of FeTiO
As a result, the compositions of the sprayed coatings had great influence on the photocatalytic activity. For the low band gap of 
Conclusions
To improve the visible light responsibility of 
